sponses and firing probability of cortical neurons. All in Université Laval all, it appears that spontaneous brain rhythms during Qué bec different states of vigilance may lead to increased reCanada G1K 7P4 sponsiveness and plastic changes in the strength of connections among neurons, a mechanism through which information is stored.
Figure 1. Natural Slow-Wave Sleep Is Characterized by Prolonged Hyperpolarizations in Neocortical Neurons, but Rich Spontaneous Firing during the Depolarizing Phases of the Slow Oscillation

Chronically implanted cat. Five traces in the top panel depict EEG from the depth of left cortical areas 4 (motor) and 21 (visual association), intracellular recording from area 21 regular-spiking neuron (resting membrane potential is indicated), electro-oculogram (EOG), and electromyogram (EMG). Transition from waking to SWS is indicated by arrow. Part marked by horizontal bar is expanded below left (arrow)
.
1978) and significantly differ in different types of electro-
that appears as a consequence of different types of spontaneous brain rhythms during natural states of physiologically defined cortical cells recorded in naturally awake and sleeping animals (Steriade et al., 2001 ).
sleep and waking as well as during, and outlasting, experimental models of some oscillatory types. ImporThese data suggest that, in vivo, cortical neurons are in a steady state of either synaptic depression or facilitation, tantly, these results have been corroborated by studies conducted during natural human sleep. which serves as a background to all additional synaptic inputs.
Here, we discuss the mechanisms of plasticity that Coalescence of Different Low-Frequency and Fast Oscillations in the Intact Brain occurs not at particular synapses, but in the acting and interacting thalamocortical neuronal networks. We shall Three major rhythms characterize SWS: spindles (7-15 Hz), delta waves (1-4 Hz), and slow oscillation ‫1-5.0ف(‬ focus on short-and medium-term neuronal plasticity This indicates that the neocortex has the intrinsic networks that are necessary to elaborate self-sustained (Bazhenov et al., 1998b) , and the morphological substrates of return pathways to distant cortical areas in activities and corroborates the idea that, far from being a passive receiver of thalamically generated spindles, corticothalamocortical loops were revealed (Kato, 1990). The difference between the results from in vitro and in the cortex plays an active role in amplifying incoming thalamic inputs (Kandel and Buzsá ki, 1997). That neovivo investigations (preferential role attributed to IB and FRB neurons, respectively) may be ascribed to changing cortical neurons display short-term plasticity even in the absence of thalamus is further demonstrated by incidences of IB neurons in various experimental conditions, namely, IB neurons may reach very high proporprogressive depolarization and increased number of action potentials in their rhythmic spike bursts evoked by tions (up to 40%-50%) in slices maintained in vitro (Yang et al., 1996) or in cortical slabs prepared in vivo (Timorepeated, rhythmic callosal volleys in thalamectomized animals ( Figure 4C ). feev et al., 2000a), but the incidence of this neuronal type is lower in the intact cortex and, in naturally alert
Neuronal plasticity induced by augmenting responses recorded in in vivo cortical slabs was compared to plasanimals, IB neurons represent less than 5% of sampled neurons (Steriade et al., 2001) .
ticity that develops from natural spindles in intact-brain ., 1996a, 1996b) . We only present recent experiments that show the implication of fast tials whose shapes were virtually identical to responses evoked in the final stage of stimulation (Steriade, 1964) . oscillations in neuronal plasticity. Stimulation of homotopic sites in the contralateral cortex with pulse trains at In those experiments, AD waves were built-up from the same circuits that mediated evoked responses but, at 40 Hz induced prolonged facilitation of control response evoked by single callosal volleys, which lasted up to a critical time during stimulation, they escaped from networks giving rise to normal responses and passed several minutes (Figure 7) . In some cases, a depolarization plateau lasted for 0.4-0.5 s after cessation of stimuover those circuits to elaborate self-sustained epileptiform activity. lation and gave rise to action potentials that closely mimicked the grouping and frequency of responses reSimilar data have recently been reported in the neocortex, using simultaneous intracellular recordings from corded during the prior period of stimulation. Spontaneous activity in the gamma frequency band improves the related cortical and thalamic neurons. The enhanced responsiveness of the cortical neuron driven by rhythmic coherent fluctuations in visual cortex excitability and thus may ensure more rapid and reliable transmission callosal volleys in Figure 4C was followed by paroxysmal activity, which occurred within the same frequencies as (Fries et al., 2001 ). In humans challenged with performance of cognitive tasks, functional MRI showed that the preceding slow sleep oscillation and rhythmic stimuli (see Figure 14B 
